Authorship verification is one of the most challenging tasks in stylebased text categorization. Given a set of documents, all by the same author, and another document of unknown authorship the question is whether or not the latter is also by that author. Recently, in the framework of the PAN-2013 evaluation lab, a competition in authorship verification was organized and the vast majority of submitted approaches, including the best performing models, followed the instance-based paradigm where each text sample by one author is treated separately. In this paper, we show that the profile-based paradigm (where all samples by one author are treated cumulatively) can be very effective surpassing the performance of PAN-2013 winners without using any information from external sources. The proposed approach is fully-trainable and we demonstrate an appropriate tuning of parameter settings for PAN-2013 corpora achieving accurate answers especially when the cost of false negatives is high.
Introduction
Nowadays, text categorization provides effective solutions for handling the huge volumes of electronic text produced in Internet media [1] . The three main directions of distinguishing between texts are their topic, sentiment, and style. The latter is a useful factor to identify document genre and reveal information about the author(s). Authorship analysis attracts constantly increasing attention due to the large potential of important applications in intelligence (e.g., linking terrorist proclamations), security (e.g., verifying the identity of a person using a system), civil law (e.g., solving copyright disputes) etc. Authorship attribution is the identification of the true author of a document given samples of undisputed documents from a set of candidate authors and has a long research history [6, 8, 20] . There are three main forms of this task usually examined in the relevant literature:
• Closed-set attribution: The set of candidate authors surely includes the true author of the questioned documents. This is the easiest version of the problem and most studies have focused on this, providing encouraging results. It should be noted that it is not an unrealistic scenario since in many forensic applications the investigators are able to filter out most of the persons involved in a case and produce a closedset of suspects.
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• Open-set attribution: The set of candidate authors may not contain the true author of some of the questioned documents. This is a much more difficult task especially when the size of the candidate set is small [12] . This setting fits all kind of applications including cases where anyone can be the true author of a questioned document (e.g., identifying the person behind a post in a blog).
• Authorship verification: This may be seen as a special case of open-set attribution where the set of candidate authors is singleton. As mentioned earlier, small candidate sets in open-set attribution are hard to be solved. All authorship attribution cases can be transformed to a set of separate authorship verification problems. So, the ability of a method to deal effectively with this fundamental task is crucial.
Very recently, there have been attempts to focus on fundamental problems of authorship attribution. Koppel et al. discuss the problem of determining if two documents are by the same author [13, 14] . This is a special case of the authorship verification task where the set of documents by the candidate author is singleton. In the PAN-2013 evaluation lab [9], a competition in authorship verification was organized where each verification problem consisted of a set of (up to 10) documents of known authorship by the same author and exactly one questioned document. The study of various attribution methods in such fundamental problems enables us to extract more general conclusions about their abilities and properties.
All authorship attribution methods fall under one of the following basic paradigms:
• Instance-based paradigm: All available samples by one author are treated separately. Each text sample has its own representation. Since these approaches are usually combined with discriminative machine learning algorithms, like support vector machines, they require multiple instances per class. Hence, when only one document is available for a candidate author, this document has to be split into multiple samples. • Profile-based paradigm: All available text samples by one candidate author are treated cumulatively, that is they are concatenated in one big document and then a single representation is extracted to become the profile of the author.
In general, the former is more effective when multiple documents per author are available or when long documents (that can be split into multiple samples) are available. On the other hand, the profile-based paradigm is more effective when only short and limited samples of documents are available. Despite these advantages that are crucial when only one or two documents of known authorship are available, in PAN-2013 evaluation campaign 17 out of 18 participants followed the instance-based paradigm [9] . The only profile-based submission was ranked at the 11 th position [2]. Therefore, it seems that instance-based approaches are more appropriate for authorship verification.
In this paper we claim the opposite. We present an authorship verification method following the profile-based paradigm and apply this method to the corpora produced in the framework of PAN-2013 using exactly the same evaluation setting. We provide evidence that profile-based authorship verification can be very effective surpassing the best performing submissions of that competition. The proposed approach is fully-trainable.
